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‘ U:} Abstracty On the hasis of references in the literaturs and on the

ﬂ: vriter's past experiences with troudlesome failures of
protective electrica. squipment due to electrolytic corrosionm,
this type of corrosion has been shown %0 be by far the major
causes of electrical relay failure. Advenced stages of corrosion
recently found in equipment associated with WWI indicates that ,
this phenomenon could be a possidle future source of trouble ' .
affecting WWI reiliability, espacially where relays and high
voltage power tranaformers are concernsd.
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8 SUBJECT: RLECTROLYTIC CORRCSION AS A POSSIBLE . PTURE SOURCE OF TROUBLE . )

o ATFROTING WWI RELIABILITY \ L] i
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X Electrolytic corrosion involves ths chamical reaction of copper O
e of the windings with the hydrolysis products of cellulose -
. insulations in the presence of a positive d-¢ potential and
3 almost negligidble amounts of moisture, To eliminate or avoid
4 corrosion it is recommended that: a) ihe windings of exist~
ing relay installations be at negative d-c potentials with
respect to any cellunlose-bazed inmlation in immediate contact
: ' vith the windings, b) coils of new or Zuture ralay installations
contain only cellumlose acetats insulation and coverings, and
3 ¢) the atmosphere contained in hermetically sealed relays consistof
¥ only inert geses that ars not dissociated into corrosive pro-
-ducte by contact arcing.

Past experience with electrolytic corrosion problems involving
protective electrical equipment in contimmous ope~ation for long periods of
time at nositive d-c potentials has led to an invostlgation of this phenome-
non as & possidle future source of trouble affecting WWI reliahility, especi-
ally where relays and high=voltage rectifier pows: transformerns are concerned.
Since some cases of. clectrolytic corrosion heve already been found in squip-
ment more or leoss directly associated with WWI, theé writer believes that the
prodlen can best be brought to the attention of the engineering ataff by
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elting typlcal exampies of the phencmenon and by presenting a briel
revigw of references in the literature.

I. Typical Bxamples of Electrolytic Corroslon

The first instance cited concerns coil faflure of & telephone-
type reley in s photo cell unit guarding ths coollng water supply for a
large underground power transformer. The relay coll was connected in the
tlate circuit of a vacuum tube at a potential of approximately +150 volts o
above ground and consisted of a conventionzl insalated Lron core with . f
vulcanized fibre end washers, wound with 50,000 turne or more of f40 4.%.G.
ensmeled copper wire and covered with cottor yarn. &4 replacement rolay [
would not be available for at least a week, and the transformer could nch ‘
. be deprived of cooling water protection for this length of time under any :
circumatances, so rewinding was necessary.

In unwinding the old coil, 1t was found that im esch place

where the end turne of the layers of wire touched the fibre end washers, ‘
the copper had baen completely consumed dy corrosion, and all that remalned
were numerous circular paths of white powder adheripg to the lnner surface

of the fidbre wasier. The powder was analysnd chemically and fourd to be !
copper carbonate, an end produci of the reaction of cardon dicxids in the ‘
transformer vanlt with the original copper nalts resuliing frcm the cor- o
rosion process. Relative nmidity =nd ambient tamperature in the vault were o
ideal for such corrosion to take place, although the process frequantly oc- ‘
curs even when conditions are muposedly extremely unfavorable, as will be

shown.

The sacond case, an excellent example of an advancod ntage of ;
electrolytic corrosicn, came to light quite unoxpactedly while the writer :
wae disassembling a shorted high.voltage rectiflar power trarnsformer re- .
noved from a Sylvania P-5 Synchroscope. The transformer was mamifactured
by the Palmer Electric and Manufacturing Company, Wakefisld, Massachusettis,
and rectifier circuits involved are shown in Fisure 1, Although broskdown
of the ipaulatioa on high voltage winding S-7 was the immediate caume of
failure and not electrolytic corrosicn, large pits resulting from the lat-
ter vere found ¢n the underside of the entire leagth of filament winding
S-6, This winding was at an average d-c pobentinl of+1f00 volts with respect
to highavoltage winding S~ which was immediately underneath tut insulated .
from it by four layers of 0.012" wvarnished camdric followad By twa layers by
of 0.005* kraft paper, as shown in Fig, 2. Corrosion pits were forasd where- :
ever the filament winding contacted the kraft paper,

. !
/ [

An identicel filament winding (5-5) of the same wire (in all
probabilitles from the same original epool) wound alongside S5-6 as shown,
on top of the same plece of kraft paper and over the same outer layer of
the high~voltage winding, showed no% the slightest trace of a corrosion pit.
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Thie Filament winding was slectirically connucted to ibke high-woltags
end of winding S-7, so that regardlssy of the iastapbtanaoug a-c¢ polate
tials involved, 't averege d-c polan¥iszl wilh rispect to the hiph-vole
tage winding was serc. A abtrikingly effective niwotographic compardson
of samples of bosh £ilament windings iw shown in Figuwre 4.

Samples of the kraft paper lnsulation which had been i direst
contact with the two filament windings are showa at spproximataly the same
nagnification in Plgure 5. In the upper photo, ithe dark elonpgatad aren
inside the rectangle is a section ol ths emmmel From the uncorrednd wize
which adhered to the varnish impregnation of the kraft paper daring une
winding, The glossy surface wams completely Irea of 2ll iraces of corro-
sion. Lffective side lighting ir the lowsr photn shows the szall “moun-
tains® of copper salta deposited in positions corresponding to the pits
in the overlying wire and of congsiderably lighter color than the uader-
lying unsulation or the surrounding pieces of enamel adhoring thersto,

That this corrosion was adle to procesd for a year cr more
under apparently unfevorabla conditions, with the windings suppocselly
baked, varnish impregnated, asphal? potted, and hermetically tsaled in &
metal case will be demonstrated in Sechion V, page 10.

2,6

II. Original Concepts of Electrolytic Corroslon”’

After elactrolytic corrosion was recognlzed as o definite source
of fallure, it was first believed ithat free acids in insulating malerinls
contacting the wire were responsible. As verioup investigations progressed
1t was scon realized that not only materiale with aclidic reactions but thase
containing bases or ealts were almso guilty.

It was next reasoned that the amount ol corrosion exhlbited by &an
insulating material during a certaln estimated period, hence 1tz rate of
corrosion, was sonshow related to the conductance of the material »nr ine
versely proportional to the insulation resistance (specific re-istance) of
the material, but thers were still vome materials with much lower insulation
resistance which showed very littis corrosion.

Foilature absorpitlon or adsorption of materials was pext supposed
as the primery fector in corrosion vhers surrounciasg hmmidity was igh and
the corrosion obviously most serious, but again, some materials with high .
moisture absorption capaciiy exhibited much lese corrosion. - [

Bach of these suppesitions was subgequently refuted as careful
investigations eliminated them one by one, since it waz now recogaltzod that
electrolytic corrosion was indeed the major cemsoc of equipment fallure er-
roneoualy attriduted to other canses, and that it was a prodlen demending
an immediate solution. Since methoés of minimizing or corpletaly avolding
effects depend on: a) an understanding of the corr-osive properties ¢f mup-
posadly "innocent" materialn under the right condiilons, b) ths caupses of
corrosion, and &) the mechanism of corrosion invclving copper windings,
these topice will e considored firet.
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COMPARISON OF INTACT AND PITTED SAMPLES OF TPANSFORMER
(0.040" DIAM.) SHOWING ADYANCED STAGE OF ELECTROLYTI(
FIG. 4
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COM PAR!SON OF INTACT AND PITTLD SAMPLES OF TPANSFORMER FILAMENT WINT:
(0.040" DIAM.) SHOWING ADVANCED STAGE OF ELEZTROLYTIC CORROSION.
FIG 4
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COMFARISON OF FILAMENT WINDING INSULATION SHOWING DEPOSITS COF COPPER
SALTS (LOWER PHOTO) RESULTING FROM ELECTROLYTIC CORROSION.
FIG. §
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1L, Corresive Froperties of Insulating Faterial&?

Various major clagses of commonly used insulating materinls
oxhidbit corrosion eoffects under favorable conditicns of Immidity, d-¢
potential, and ambient temperature. l

A. uadhesivaes

1. Gluew, even highly purified, are kighly corrosive, and
should not be used for electrical purposes under any <op~ :
ditions, since they hydrolyze® very rapidly under ambiont
conditione of high humidity and elevatod temperatures, !
producing organic acids which are a major causs of cox- ’
rosion. , i

2. "Diclyzsd" glues, even though sudstantially electmlyio- ]
free at firet, show no improvement whatever becanse thn ,
glues themselves are uzources of electrolytes, as junt
shown. ‘

i

3. Mucllage, a gelatinous plant extract containing complax
carbohydrates, with or without sterch bases, is similar
to glue 1n ite hydrolyzing and corrosiva provertles, hence
should also be avolded.

L, PRubber-resin, and even the common adhecive tape costings
of rubbar, rosin, and zink oxlde, have no corroslive proper~
t“ies vhatever, even after acceleratec aging tests squivcient
to five years of normz]l 1life. This class of adhesives contains
abietic acid which ig so weak and difficultly =oluble n water
that 1ts acldic proverties, even nnder the most favorable con-
ditions for corrosion, ere negligibdle. .

5. Resin=based adhesives, comronly known us "sticking varnishes"
in the electrical manufecturing trades, are llkewise norecor-
rosive, btut are not as lastantly effective as the rubbor~resin
adhesive mentioned above, in that they require a partianl drylng
period before adhesive rromerties become apnreciadle.

* Hydrolysis is = chemical decornsition proceee involving the
addition of hydroxyl ions (OH™) from molsture present in the
material.
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B. Insulabing Materialg, Wape Packings, elc.

1. Cellulcse-based elecirical ingulatinz materiale, suci as
vaver, fidre board, vulcanized fidvre (horm fibre, lsather-
¢ig), cotton cloth, linen, viscome rayon, celiulo~e Cilm
(ccilorhane), and wood fibre are all corrosive materials
in the presence of d-c potentizls snd slight traces »f modsbuse.
ENCCSTE T T

2. Siik and wool are also corrosive, mt wool (alse o protein
fidre like cellulose) ie considerably better than olthex
silk or cellulose, even though its water abcorption capacity
is ruch higher.

3. 3Bakelite, which contains impregnated celluloss in thy form
of either_linen, cotion, cr paper, has bsan shown %2 ba
corrosive’ wharever ihe cellulese ‘2 in lmmedliate contact
with current carryingz conductors.

L. Chemicsl compounds of cellulose such ap cellulose azatate
and cellulose nitrate (celluloid), rukber compounds, and
synthetic resins such as volystyrens (plexiglasa), mnoth-
acrylates (lueite), and vinyl plasiics are all fres rom
corrosive effacts on copper. Cellvlose acetate ospocially,
in botk gsheet and woven cloth forms, shows no tendenay toward
copper corrasion even after the moet exhanative testn., Ace
cording to Stephens and Gehrenbeck, "thers 1a evary ‘ndice~
tion that a Tine copver wire in cortact with cellulouse ace-
tate will last as long as one freely susvend d la alr.¥

In Mgure 6, a comparigon of the reletive leskage currents of
two common insulating materials, gummed paper tape and celliulosa zcetais
cloth a‘hesive tape, shows the sffect of varying combinations of he afore-
mentioned hydrolysis, leakege resistance, and molisturo abvsorptlon prover-
ties. Since t'e individual effect of each of thero properties in difficuls
to detormine, leakegn resistance is not a dependalle measurs of insulation
quelity where farorable conditiong for corrosion exiet.

IV. Cauwas of COrrouion1’2’6

Faper, cotton or linen cloth, vircose rayone, cellophane,
and wood fidre, in the presence of a d-c potentinl apd slight troces of
moisture have all exhibited marked corrosion effaocte. In investigating -
corrosion effects of various kinds of paper insaiatiorn, for examrls, water
extracts of all kinds of paper ranging from the cheepest wrapping paper to
the highest quelilty &sh=fres chemizal filter paper ¢f the highly parified -
alpha-celluloso type varied widely in pH content and elecirolytic conduce
tivity. Low grade pepers caueed vsry bad corros.isa, tut there wae not
enough significant difference betwsen the worst and best cualiwy papars
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\
to warrant any conclusion other than that celluiose iteel? wes to Dlame!
Cotton fabrice yieldcd 1dentical resulta, ‘ !

' One olfect of corroplon observed was the chemlenl coxidstion of
cellulose in the presence of moistare at the ansilc surface of & pair of
fine platioum wires 3/16" apart, producing water-soluble organic acids.
The sntire ares of the matsrial invelved in the immediante viciaity of the
platinum electrodes acqulired reducing properties, indicating eithsr hydre-

tion or oxidation. Free acid was present ounly aiong the thin line where the o
positive electrode contacted the material. Thia acild combines with copper |

to form a green corrosion product.

oxidation cell containing a ground-up mupension 0f neutral cellulonse fibre
in dlstilled water. FPassage of an electric currnnt through the cell pro-

Electrochomical oxidation is readily iemonstrated by means of an ]
|
duces large quentities of complex water-poluble organic scids. !

The above effects are completely independent o7 the presencs
or absence of minute troces of elactrolytes in the original samples, thare-
fore there is no point im extreme purification, or even mild purification

e

of papoers or cloths, hence the fallacy of specif:ing *acid-free" insulating i)
pepers. 35 ﬁ
Since the development of corrosive properties im protein materi- § |
als could be almost completely due to nydrolysis and not oxidation, one can ©od
. inmediately svecify insmlating matsrials with thoe following chemical charse-
terigticss §
a) Ainherently non-elo;:trolytic b
%
V) resistant to oxidation or hydrolysis (e.g., celluloss s
ethers, esters, nitrates, or acetaiss) "
i
¢) Af not resistant to oxidation or hydrolysim, then the 3
material (rubber compounds, for oxample) mist yield f
only non~electrolytic decomposition products. 3

From b), the best solution to the problem is to replace the :
hydroxyl components of the cellulose vaterisls with ethers, esters, nilrates, i
ar acetates, the last mentioned being the most practical and economical. i

V. Mechanisnm of Copper Corrosion?

For corrosion to oxist, two prerequisites are necessary:
8) oxidation conditions at the suzface of the copper, &and b) availability
of & negative ion, Tho_'_gxidation of wnetallic copper to cupric lon can ba 4
n;nton as Cu + 20 S Cu  and the corroslon process then becomes ¥
Co  + 24 Cu A, where A is the needed negativs lon, the corrosion
compound being deposited on the insulation at the poeliive wire as long
as there is a path through whick the ions cen move, namely thst sirmplied by
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wator in the celluloane itself. Wobe that thore i1s slways e minmaiu Tlov S
of current associated with this procous which may fake amywiere Z.om & L
wvoek to even yeers to completsly consume the wirs at a point. Fwon in

low humidities, or virtusl absencs ¢f free water in the mat:rial, corrosicr
can take plece even at & vary slow rate, This i3 readily domonsivated by -
the existance of slectroiytic corroricn in the transformer of Exanple 2,
Page 2, even with the windings supposnedly baked, varnizh impres:.ted, ané
surrounded by an asphalt potting compound in a hormeticelly sealesd ratnd
cneeo. I

VI. Methods of Protection Against Corrosion

Toats and investigzatione have shown that the major camuss of
Folay coil failure is eleotrolytic corrosion. Tils does not include & smell
rercantage of other faillures of sithsr electricil or msechsanical nature irn-.
volving parti:ily shorted coils, opea-circuited windings resulting Trom
continuous heating ard cooling cycles, grounded windings resulilrs from ire
sulation failure, or mechanical fallures such as welded contacts or sticking
armatures.

Obviously, 1f all cellulose~based insikating materials and ad-
hesives contalnirg glue or othsr hydrclyzing substances are elimiated from
relay coils of fine wire energized for long periods of time at rositive &-c
potentiale, relay 1ife expectancy ls without limit whore corrosicz elinine~
tion 1s concerned, at shown in Pigura 7, vage 9 . S

S A R e e

If cellulcee insulating raterial mst be uged for ecencmical res-
sons, it must be protected so that thie copper cen never coms inte sontact with &
the material itself. TFor example, rslays such &n wged in the punched tape .
and typewriter equipment assoclatel with WWI depend on vulcanlzad fibre wesh- o
ers staked in place for mechanical support of the fine copper wire windicgs of
the relay coil as shown in Pigure 3, page 3. A thin washer of caliunlose
acetate fllm prevents the wire from coming in contact with the fi-re, The {
protective covering for the coll, as well as cors lnsulation, consinte of & H
thin, adheslive-coated celluloss acetiate film, Practically all telephona- ‘
type relays, stepping switches, and ringing mechanisms manufactursd withir.
the past ten years utilize thias type of coil construction, h

If in a partiocular relay installation, coil inmiation im not ef (

collulose acetate, any tendency towa:d eleetrolytic corrcsion can be complete- ) L
1y eliminated by reinatalling the relay in the negative side of the d- scurce :
of voltage where oircui$ conditions permit. However, if blas reqiirements
for a vacaun-tube~actuated relay, for example, prohibit insertion of ths re-
lay coll in the cathode circuit of the tabe, corrosion can still e eliminated
- by leaving the coil in its initilal location in the plate circult uf the tube,
ut with the relay frame inasulated from ground end connected to thoe 4B supply
potential: 1In verious other installations, corrcsion may be minl~ized in the
case of relays with comparativaly low col)l voltage ratings by groanding the
inner or starting end of thse coil, so that except for short periods when the
relay is snergized, the coll has no d-¢ potential on the windings. Thig las$
method is ineffective in eliminsting corroslon if the relay is enyrgized for
long periods of time.
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¥Vil. Other Corroglon Effectse

It 15 considersd expedlent o mentlon a Tes othoxr formg of cor-
rosion occaslicnally encountered in relay installations which mlght be coa-
sidered as factors effecting WWl reliahility.

At the suggestion of B.W. Erickson of ths General Electizic Company,

mica end asphalt compounds were sudjacted to corrosion tests by Zehrsnbeck, . |

in which 90 volts d-¢ was placed on two #32 bare copper wires held 3/16"

apart on the curvad surface 0f the insulation samnles by a slight tension.

No corrosion effectc were discoraibls even after long periods at 1005 R.Z. “

and 40°c amblent, whereas collz insulated the top grade cellulose neldom

lasted more tha.n ten deys. He found, however, tha’ wherever the pecaliive :

copper wire was allewed to contact the edge of a mica sample and not 2 flat |

unbroken surface, ncticeable cnrzosion effecte were caugsd by traces of |

electrolytes bdstwesn mica laminae. For this reason, the writer does nob

advocate mica tape insulation as a solution because of the large number of '

edges presented to the windings. ‘ ‘
|

A corrosion effect involving a telephone relay contact spring and
a bekelite backstop was attributed’ to the action of the cellulose fibre of
the grounded bakelite coll washer on the contact spring which was onsrgized
at +48 volts d-c in aboormal heat and lmmidity. Replacement of the bakelite 4
wvasher with a molded bakelite part sliminated the corrosion. : l

As eerly as 1938, Garvinl had suggested cellulose acetete as &
material entirely free of corrosive effects, even in the presence of slight
amounts of moisture, although his diagnosis of the canse of f'orrosion did ;
not reveal the true nature of ths phenomenon. - .

As 3 final ezample,-u a cycling test was made oz a relay "protected” . l
against auet and zbtmoaphsrs corrosion Ly & glase cover and rabber gasket, ithe
test consisting of deenergizing the rslay once every 4 seconds to interrupt
thres 60-cycle a~c loads of 220 volts, 3 amperes, 25% 1.f. each, and one gd-c
load of 70 volts, 1 ampere. After only Y000 cycios of oparatiom, contact
arcs reacting with the air inside the cover produced a slight nitric acid
atmosphere. Anhydrous copper nitrate was formed on the beryllium copper con~
tact springs at 30,000 cyles, zmorphous zinc nitrate zinc plating at 50,000
cycles, and the atmoephere became strungly acidic at 63,000 cycles. At
90,000 cycles, ozone concentration beceme high enoush to oxidize sirfaces of
ailver contacts, hydration of the copper nitrate at 92,000 cycles waz indica-
ted by appearance of green coloring, and coil insulation and gasket materisl
began to deterdorats at 800,000 cycles. At 850,000 cycles the zinc plating ;
was completely consumed, exposed iron surfaces were completely musted, and
corrosion products began to pile up in the bottom of the glass cover. The i
carulative chemical reaction resulting from tle arcing was given aas :

nitrogen + oxygen ~3 nitric oxide (gas)
nitric oxide + oxygen -2 nitrogen peroxide
nitx:ogen peroxide + water vapor -> nitric acid + aitric oxide

S R et s 4
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operabing undey the same load condlfiong preveniod any trace o7 oo Bla !
sven afber one millicn eyclas. ‘
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In order %o avoid a 7 of i foreguing corrosice Srosbled, b |
iy rocommendad thet relay Irstallabicrs sabtisfy no followingz: o) <be '
windings of existing relays be at a negative der vuteptipl wilts ranvech i
to any cellualose~bared insulatlon in immedisie sontact with he windiogs,

b} coils of new or future relay iastalladions conbsin only sollnlres upme
tate insuletion and covering, and =) the aimesphare counbaired in heenebicelly
soaled ralays conelet only of inerk games trhat du not react wlin conbtash
arce to form cerrcsive producis.

o etterpt has heen made in thip regort o desl with the more
familiar relay troultles such as meshanical failurs, soatsct pisting end ‘
urning, and Just acemmlation on contacts of riiays impioperly wounted.
"he discrenlon bhas teen limited to corrosion effosis of alectiolytic oxr
atmospheric nature,
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